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There are increasing numbers of commercially 
available computer graphics packages, both in terms of hardware and 
software, that can be utilized by instructors, practitioners, and 
students of education. With the proliferation of low-cost graphic 
terminals, time-sharing capabilities, and recent advances in mini- 
and microcomputers, computer graphics and associated applications 
have been practical, reliable, cost-effective, and available at a 
host of working, user-oriented levels. Working databases used for 
instructional purposes in undergraduate and graduate marketing 
courses, especially in physical-distribution related subjects, 
illustrate the potential capabilities of appropriate computer 
software packages such as SYMAP, SYMVU, PLOTALL, QUSMO, and QUTAB. 
Applications and examples derived from these packages can be 
represented from existing output facilities, such as the line-printer 
terminal, incremental drum-plotter, flatbed plotter, and 
electrostatic plotter. Computer graphics can be an essential tool in 
helping consumers of information to conceptualize and ultimately 
visualize raw data files. In addition, the basic skills that students 
learn in applying computer graphics to business decision-making 
situations enhance their preparation for the world of work. Seven 
tables and eight references are provided as well as seven samples of 
computer-generated graphic displays. (Author/MES) 
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IN THE CLASS.IOOM 



ABSTRACT 

There are increasing numbers of coinroercially available computer-graphic 
packages, both in term of hardware and software that can be utilized by in- 
structors, practitioners, and students of eduv ition. With the proliferation of 
low-cost graphic terminals, time-sharing capabilities, and recent advances in 
mini- and microcomputers, computer graphics and associated applications have 
been practical, reliable, cost-effective, and available at a host of working, 
user-oriented levels. Working data bases used for instructional purposes in 
undergraduate and graduate marketing courses, especially in physical-distribu- 
tion related sbujects, illustrated the potential capabilities of appropriate 
computer-software packages such as: SYMAP. SYMVU. PLOTALL. QUSMO. and QUTAB 
Applications and examples derived from these packages are represented from 
existing output facilities, such as the line-printer terminal. Incremental 
drum-plorter. flatbed plotter, and electrostatic plotter. Computer graphics 
can be an essential tool in helping consumers of information to conceptualize 
and ultimately vlsuaUze raw data fliro. In addition, the basic skills that 
students learn In applying fomputer graphics to business decision-making situa- 
tions enhances their preparation In the world of work. 
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INTRODUCTION 

Since its introduction in industry and academic centers in the 1960s, the 
field of computer graphics has captured the technical, ascetic, and artistic 
interests, from rapidly increasing numbers of users from a vast variety of dis- 
ciplines. No longer must the potential user be proficient in the complexities 
of mathematical elements and computer graphics. As suggested by Rogers and Adams 
(1976), Scott (1982), and Maft (1983), almost everyone will be affected by this 
rapidly expanding technology^ which combines the age-old art of graphical com- 
munication with recent advances in digital computers. Now, relatively low-cost 
terminals, tine sharing options, and advances in mini- and microcomputers have 
made computer graphics practical, reliable, cost effective, and readily avail- 
able to the potential user. In fact, the last few years has seen a tremendous 
influx of research on business applications of the computer, especially the 
mini- and microcomputers. However, there does not appear to be as great a volume 
of literature on the business and educational applications of these recent ad- 
vances on the use of the computer in the classroom, especially concerning com- 
puter graphics. 

Hence, the thrustx of this paper is to discuss the basic types of computer- 
generated display devices, and to illustrate the combined use of line-printer 
raaps, digital storage, and transfer of information into projected three-dimen-- 
sional surfaces for viewing as instructional aids to geographic and business 
education. Although beginning business and geographic graduates, managers, and 
other business-related personnel have many applications of such output to illus- 
trate basic concepts of marketing and physical distribution phenomena and its 
spatial interpretation, applications of computer graphics and basic principles are 
not limited to a single discipline of study. In fact, with the widespread use 
of microcomputers in the classroom for computer-assisted instructional purposes, 
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the expanding use of computer graphics in all disciplines and its application to 
communicate often dif f icult-to-interpret data bases and concepts is rapidly be- 
coming an essential tool for use in the classroom by educational practitioners. 
The usefulness of conputer-graphical systems must, however, be based on their 
ability to communicate the results of data manipulation and ease of access. An 
understanding of the basic computer graphics in the classroom. Not all possible 
computer hardware and software types are discussed in this paper, since a magni- 
tude of such devices end packages with length lists of menus exist (Smith, Timraer- 
man and Seymour, 1984)* However, the basic display devices that are commonly 
available (including raster refresh, directed beam refresh, storage tube, and 
plasma panel) coupled with the basic output devices (such as mechanical plotters, 
electrostatic plotters, hardcopy devices, and color plotters) will be briefly dis- 
cussed. However, the bulk of the paper will concentrate on marketing/business 
education examples to illustrate the process of converting complex information and 
models to easily communicated computer-graphical displays in the classroom. 

COMPUTER INPUT DEVICES 
Input devices can be grouped into two basic formats, including the batch 
mode (reading one job or program in one-at-a-time) and the interacting mode 
(which includes the ability of the user to communicate with the program while it 
is running). Batch jobs usually can be initiated by reading in cards, tape, and 
CRT (cathode-ray tube) via some type of terminal capability of reading informa- 
tion in these particular nodes. The interactive mode requires the user to inter- 
rupt the computer programs so that new or revised information can be entered 
before the final execution of the program. Although there exists a large number 
of devices to accomplish this task, the simplest and most common is the alpha- 
numeric keyboard. More sophisticated input devices include light pens, joy sticks, 
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track balls, mouse, fiinctlon switches, control dials and analog tablets. 
These other input devices usually constitute greater flexibility and faster 
speeds of interaction than the alphanumeric keyboard, which frequently becoioes 
a test of your typing skills. 

COMPUTER OUTPUT DEVICES 
There are a variety of output devices in use in computer graphics, but 
most of them fall into a few basic categories. Graphic display devices are 
usually divided between CRT, pen and iak plotter, dot matrix plotter, anc^ the 
plasma panel. The three basic types of CRT devices for -computer graphics in- 
clude the direct view storage tube (sometimes referred to as the visible tube 
display), refresh, and raster scan. The direct view storage tube is probably 
most common to the public and is similar to an oscilloscope with a relative long- 
life phosphor or image phosphor. Storage tubes have the advantages of being 
flicker free, good resolution, low cost, relatively easy to obtain an accept- 
able hard copy of the frame or screen image, and more suited to time-sharing 
applications. Unfortunately, the screen cannot be selectively erased in order 
to change any element of the graphic display, thus the whole picture must be 
redrawn and hence, no dynamic motions are possible. The refresh CRT is based on 
a television- like tube of short-lived phosphor persistence, thus causing flicker. 
However, the refresh can be used to show dynamic motion and allow selective 
elements of the display to be created, changed, or removed. Disadvantages of 
the refresh system include higher cost and greater difficulty in obtaining a 
good quality hard copy of the image. Lastly, the raster scan CRT, which uses 
a standard television monitor for the display console, makes use of a series of 
dots. In the consideration of a raster-scan CRT graphic display system, color 
is possible, but cost is a function jf the resolution needed. In addition, the 



selective erase feacure Is more difficult to use, and obtaiaing quality hard 
copies are problems* 

Traditional hard copy graphical devices generally Involve the digital in- 
cremental pen and ink plotters, flat pen plotter is generally limited to 8 
direct ion)» of pen movement, thus a curved line appears to be made up of a series 
of small steps. The incremental drum plotter, which was the major device used 
to create the three-dimensional computer graphics found in the paper, refers to 
a type of plotter on which the paper is help by two roils — a supply roll and a 
take-up roll — separated by a drum. Although incremental plotters can provide 
high-quality hard copy of graphical output, they are generally slower than CRT 
graphics and, hence, are not used for most real-time interactive graphics. The 
electrostatic dot matrix printer/plotter operates quite differently by depositing 
particles of toner onto small electrostatically charged areas of special paper. 
The electrostatic plotter was the device used to generate the bar, pie, and line 
plots found in the study (Rogers and Adams, 1976; Maft, 1983). Lastly the plasma 
panel, which was initially developed a few years ago and recently staging a come- 
back, is essentially a gas-filled matrix or panel that usually can be viewed 
from both sides. However, although good resolution is possible, it is cost pro- 
hibitive and not popularly accepted. Tables 1 and 2 present a summary of the 
financial and physical parameters that should be considered in the final selec- 
tion of computer-graphical devices (both input and output) and the proper soft- 
ware package to enhance geographic/business education activities. 
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APPLICATIONS OF SELECTED OOMPITTER 
GRAPHICS TO SPATIAL AND SURVEY 
RESEARCH 

Introduction to Classroom Examples 
Examples of primary and secondary databases researched and collected by 
the author for use in undergraduate /graduate marketing/physical distribution 
management and related courses at Eastern Kentucky University's Deparr.ment of 
Business Administration. Portions of the courses emphasize the spatial varia- 
bility of transportation costs and the need to communicate this information to 
prospective clients and consumers. Generally, most theoretists of physical dis- 
tribution expect the distance factor in predicting transportation costs to re- 
flect the ••tapering** principle — transportation rates initially increases signi- 
ficantly with distance, then increase at diminishing rate. This relationship 
has been studied for years as a basic principle in business logistics, and the 
function is expected to be relatively smooth in nature and predictable in form. 
However, especially through three-dimensional displays of spatially-oriented 
transportation costs, this relationship is more complex and difficult to inter- 
pret. Probably, many economic and physical characteristics influence transpor- 
tation rates, thus each area must be analyzed in relation to the environmental 
constraints that exists, both the economic and physical aspects. In addition, 
information dealing with the frequency counts, summaries of statstics, and other 
data dealing with survey-research problems are more effectively communicated in 
a graphical form. Hence, to illustrate the use of computer graphics in the 
classroom, several databases were established for students to access for report- 
writing purposes. The databases include marketing-research survey results, 
geographically oriented-transportation costs from a variety of origin and destina- 
tion points, and revenue /expense data for departments within unnamed companies. 
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In addition, various opclons exist to allow users to mathematically model 
sele'^teo variables based on geographic coordinates (spatial variability). 

Computer-Generated Output 
Figures 1 through 3 Illustrate representative information from the data- 
bases in pie-chart, line-graph, bar-graph fonn via the electrostatic output 
device, respectively. The user input, via the computer-software PLOTALL (Klein, 
1976), for example, to arrive at Figure 1 was simply the following instructions 
that the student /practitioner typed in at a terminal: 

THE VARIABLE IS SATISFACTION 

THERE ARE 4 CASES 

READ THE DATA 

-104, -48, -31, -89, -190 

THE TYPE OF PLOT IS PIE PLOT 

START SHADING 

PLOT SATISFACTION 

STOP 

END 

As shown in Figure I, the negative sign associated with the data values results 
in each pie slice being separated from the center of the pie shape. The other 
basic graphical forms of frequency distributions are portrayed in Figures 2 
and 3, and use similar options to generate them. Hence, the stateioents required 
are English-like and require virtually no prior programming experience to write 
them and execute the computer graphics. 

The graphic displays of the three-dimensional plots were generated through the 
use of QUSMO (Sawan and Nash, 1974) and SYMAP, SYMVU (Dougenik and Sheehan, 1979). The 
basic line-printer ^ap was also generated by SYMAP, a software package that has been coir 
mercially available for a number of years and is well-documented (Fig. 4). The 
simple use of the prograin'^s electives allows students/users to create 89 by 98 
data matrix on tape/disk storage. This data matrix can be read from storage to 
a user-oriented plotting software, namely QUSMO. Table 3 illustrates the basic 
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specifications of the stored dataaatrlx, .is well as basic descriptive statistics. 
Table 4 presents a partial listing of the data matrix by rows and columns. The 
following list of commands, for example, Is required to retrieve the stored matrix 
and execute three-dimensional plotting software: 

* //FTOSFOOl DD DSN-USER. ADS 19, DISP-SHR 

COSTS FOR TRANSPORTATION PER CLASS DIFFERENCES BETWEEN 

^ COST IN DOLLARS 
YES NO 

® NORTHEAST 0.7 
The computer-generated, three-dimensional plots of this digitized surface of 
spatially oriented transportation costs can be found in Figures 5 and 6. Figure 
5 Is the surface as viewed from the southeast direction and Figure 6 is the sur- 
face as viewed from the northeast direction. 

Model comparisons and hypothesis testing of best fit surfaces can also be 
performed CSmith 1983). Table 5 lists the basic electives in SYMAP to generate 
a third-degree, best-fitted polynomial-trend surface. Table 6 sunmarizes the 
error measures and coefficients of the third-degree surface. Table 7 contains a 
listing of the actual predicted, residual transportation costs, as well as the 
location coordinates of each of the 79 destination points to Kentucky from 
Chicago, Illinois that was utilized to create the database. Figure 7 graphical 
portrays the error surface as a function of distance and magnitude of error 
derived from use of the third-degree surface. In addition, uses of the data- 
bases can generate other graphically-portrayed models in forecasting and report 
writing. The examples In the various Figures and Tables are but a few of the 
many survey and spatial analyses available to consumers of Information. 



a 

This entry Is JCL (job control language) showing where the tape/disk file 
Is located, and will change somewhat depending on the computer Installation. 
User entered title. 

c 

User-entered legend. 
**Statlstlc6 and time-series options. 

direction of viewing and final plot-size factor for output. 
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CON a us ION 

As evident from the figures generated from applying only a few aspects 
established databases for instructional purposes, a large range of computer 
graphics can be utilized for students and practitioners to conceptualize and 
visual complex interactions of survey- research data and transportation costs 
as a function of distance. Students /practitioners should be in better positions 
to grasp more components of a researdi problem to make more effective decisions 
and better communication of their analyses. With the increasing use and avail- 
ability of appropriate software and hardware, computer modeling should be used 
in conjunction with statistical models to better portray and communicate the 
complex interactions found dealing with "real-world" problems. With the advent 
of increased computer technology and associated applications that graduate busi- 
ness personnel will rapidly find themselves confronted with, we as instructors 
in the various disciplines should take steps to help our students make that 
transition vith a minimum of stress. 



TABLE 1. Computer system checklist comparing resolution, accuracy, repeata- 
bility, color, and speed with types of input and output devices and 
software needed. 



Characteristics Input Output Display Software Tape Disk Printer Overall 



Resolution XX X 

Accuracy X X X 

Repeatability X X 

Color XX X 

Speed XX X 



X 
X 



Source: Control Data Corporation, 8100 34th Ave., Minneapolis, Minnesota 5 
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TABLE 2. - Financial and physical consideratioas of selecting the proper 
computer graphics system for use in educational apoiications. 



Financial and Physical 
At t rib ut es / Fac t ors 



Interface 
Software 

Hardware functions 

Vector/Rast or/Both 

Throughout 

Hard copy output 

Input 

Physical environment 

Delivery time 

Personnel constraints 
System and device 

Reliability 
Costs 



Financing 
Vendor stability 



Overall Considerations/Concerns 



Other systems, software, devices 
General graphics, applications, languages 
All devices (specific requirements) 
Each device and overall system 

Overall system, units of work vs. units of time 
Your needs 

Range of data sources 

Temperature, humidity, lighting, static, dirt, 

noise 

Hardware, soltware (when must system be opera- 
tional?) 

How many operators? With what skills? 
Maximum down time per week/month 

Standard, custom services (software). Include 
taxes, delivery, installation, training, site 
preparation, maintenance , software 
Rental; Purcliase ; Leasing 

Check Dunn & Bradstreet, Better Business Bureau 
Banks , references 



Source: Control Data Corporation, 8100 34th Ave., Minneapolis, Minnesota 55440. 
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CAPTIONS OF SELECTED TABLES 



TABLES 



3. Basic specifications of stored datamatrix and associated descriptive 
statistics of spatially-oriented transportation costs. 

A. partial listing of digital-datamatrix stored in tape/disk file(rows by col 
umns) of spatially-orientated transportation costs. 

5. Listing of the basic electives in SYMA? and SYMVU to generate the best- 
fit, polynomial-trend surface. 

6. Summary of error measures and coefficients of the third-degree, 
polynomial trend-surface and associated statistics. 

7. Listing of the spatial/geographical coordinates, actual and predicted 
transportation costs, and the differences or errors in prediction for 
each of the 79 locations. 
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NUHB&i OF ROWS IN DATA MATRIX 09 

NUMBER OF COLUMNS IN DATA MATRIX 99 

DATA EXTREMES ARE 2 P«;non 

2.85000 , 3.32171 

" 2.92404 
Jl^'^^^O^eimOR OF THE MEAN = 0.00248 
STANOARO OEVlAfToN^ 6V»46I4 

' -» 73.37541 
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- 0. 126630580200-02 XY2 



« 0 • 4062461 451 aO^OO X 

- 0 •203377557710*03 X3 
♦ 0 .56751 1607^00«»0l XY 

- 0 •€e2e95669920«'03 Y3 



- 0 .569 312666030^00 Y 

- 0 • 1 6742966670O-02 X2Y 



. ePR0R_MEASU8ES _ . 

STANDARD DEVIATION O.il 

~l/ARiATnON "EXPLAINED — 

BY SURFACE 0, 2 770 7443E ♦O 1 

BY SURFACE <3*"gi3a256364Q0' 

TOtAL VARIATION ©• 3 ^ 84 5703E^0 I 

~CTJEFFICIBNr^F 

DETERMINATION 0, 75198 573 

.COEFFICIENT OF 

CORREL AT I OR- 0- 867 171 IT" 
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><ATgS^ 'SURFACE VACUeS C .3^ CPDER> AND RESIDUALS 

E N T I Q N r COOROINATES GSV6N IN SYNAP AXIS SYSTEM <OPI6lN IN NW CGRNEf 



X^COQWO 
_12-600 

L4«aaa 

15.400 
1 l«dOO 

16.800 
IT^^OO' 

tOmXOO 

— rrrrutr- 

12.600 
13.400 
14.200 



Y^^COORO 



2*500 



1 J.bUU 
14.500 
15.100 
16.400 
17.700 
18.400 
18«600 
10.400 
1 1.500 
14.200 
1S.200 
17.000 
"TTTSOcT 
18«4O0 
19.600 
5^200 
4«^00 
6.500 
8.200 
9^800 

~nc7axr 

13«000 
13.600 
14.400 



16.300 
16. 700 
17.300 
L9« 100 
J.9O0 
S*500 
7. 100 
8. 200 

WmTUU~ 

9.800 
1 1.600 
1.200 



■ZT'4axr 



2« 
3« 



400 

300 
"4T300 
3.400 
5.600 
7.200 



7.900 
8.300 
9ul00 

— 9^oir- 

10.500 
1 1.700 
12.300 

13.500 
15.0O0 
16.O00 
17.000 
ld«8O0 
15.100 
14.800 
■ liffiTOO" 



^.4UO~ 
2. 100 
2.200 
3.000 

j^oa 

2*a00 
• W70O 
3.700 



3.600 
3.500 

3. 50 0 

4. lUO 
4.300 
4.000 
3«600 
2.900 
2.500 
3.500 
4.500 

4. 700 
5.200 
5.200 
4.400 

"STtro^" 

S.OOC 

5. 100 
5.200 



5.300 
5.300 
5.500 



■ 571300 
5. 500 
5.600 
5.700 



D. 4£QU 

5*600 
6. 400 
5.600 



o.aoo 
6^800 
6.400 
6.400 



"677aa- 

6.900 
6.700 
8.20O 



7.6aG 

8«800 
9.200 



7«500 
6.400 
O .400 
Ti" jOO 
8.800 
7.90O 
8.600 

TTaoij — 

6. 700 
7.400 
7.500 

■^600" 
7.300 

7. 100 
7.000 
6.'9ao"~ 
6.700 
7.800 
8.400 

"8V2a0 



_2;-VAUU£ 
^«8ou 
2.86a 
2.860 
2.860 



^•860~ 
2.860 
2.860 
2.860 



"2TB90" 
3.220 
3.250 
2.860 
2.CS60 
2.890 
2.890 
2«890 



2.890 
n.890 
2.890 
3.220 
3«220 
3.220 
2.860 
2.860 
3. 150 
2.890 
3.250 
"3T2Sd"" 
3.250 
3.220 
2.860 



"2.860" 
2.850 
2.850 
2.89 0 

3. ISO 
3.150 
3. 150 



■3.1:>0 
3.250 
3.350 
3.350 



2.8^0" 
2.860 
2.850 
2.890 



2.690 
2.690 
2.690 



2.890" 

2.890 
2.8 90 
■Z^89^0" 
2.860 
2.890 
2.890 



VALUE 

:d«vi/ 

e»878 
2^824 
2.838 
2.866 
2.893 
2.972 
2.818 



3.079 
3^156 
2.800 



2.852 
2.863 
2.923 



2.919 

2.979 

2.999 

3. 071 

3.161 

3. 225 

3.250 

2.823 

2.864 

3.026 

3. 063 

3. 150 

3T2TS' 

3.277 

3.360 

2.868 



"ZT895" 
2.633 
2.626 
2. 664 



2.968 
3.028 
3.06O 



3.229" 
3.203 
3.295 
3.351 

"2T868" 
2.867 
2.666 
2.869 
2T"865" 
2.969 
3.045 
2.659 

"2T872~ 



"?i-8OT"- 
3.300 
3.300 
3.300 

■373O0~ 
2.690 
2.690 
3.220 

^'720 
3.220 
3.250 
3.350 
37350 
3.500 
3.250 
3.350 
373S0 
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2.865 
2.944 

2^9 

2.873 

2. ^60 
3.052 

2-7909"" 

3« 141 
3.042 

3. 175 
~ '371^99 

3.262 
3« 136 
3. 177 
•X732a" 
3.206 
3.254 
3.268 
3.321 
3.377 
3.339 
3.402 
3.416 ' 



RES IDUAL 

^0.05/ 

^0.0 16 
0.036 
0.022 



-Q.oa6" 
-0.033 
«0.1 12 
0.0 42 



~=o70T3" 
0.1 41 
0.0S4 
0.060 



o.u39" 
0.036 
0.0 07 
- 0.0 33 
••07Ty29" 
-0.06? 
-0. 1 09 
-0.1 61 
Q. 05? 
-0.0C5 
-0.030 
0.037 
-0.004 
O.l 24 
-0.193 
^jOmi CO 
0. 034 
-0.027 
-0.1 40 
-0.006 
"^0 7035" 
0.0 17 
0.024 
0.026 
-0."0S"6 
0.162 
0. 122 
0.070 



"=^a7"079" 
0.047 
0.055 
-0.001 
"^07 0 08 
-0.007 
-0.0 16 
0.001 
~"070 04 
-O. 099 
-0.1 55 
0.031 
■~0.0 16 



0.0C5 
-0.054 
•0;054 
-0.0 13 
•0.09G 
-O. 1 62 
-0.059 
0.1 59 
0.256 
0.125 
0.201 
-0.372 
•0.246 
0.043 
""07 3 9 2 
0.0 12 
-0.004 
0.062 
'0.029 
0.123 
-0.0 69 
-0.052 
^0.0£6 



FIGURE CAPTIONS 



FIGURE 

1. Distribution of questionnaire respondents according to product satisfaction 
and performance. 

2. Line graph of sales, in millions of dollars, as a function of time of sales. 

3. Bar plot of expenses by department in an unnamed company. 

4. Line-printer map of transportation costs as generated from SYMAP and eventually dij 
digitized. 

5. Three-dimensional surface displaying transportation costs to Kentucky from 
Chicago, Illinois as viewed from the southeast direction, 30° degrees from 
the datum plane. 

6. Three-dimensional surface displaying transportation costs to Kentucky from 
Chicago, Illinois as viewed from the northeast direction, 30° degrees from 
the datum plane. 

7. Error surface (actual minus predicted transportation costs) as a function 
of distance and magnitude associated with the third-order, polynomial, 
best-fitted trend equation. 
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A denotes no satisfaction 

B denotes little satisfaction 

C denotes moderate satisfaction 

0 denotes much satisfaction 

E denotes factor does wot apply 
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QUfiRTERLT SALES 




ERIC 
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EXPENSES BY DEPARTMENT 

THIS IS fl SAMPLE 
BAR PLOT OF fl 

HTPOTHETICflL COMPflNT 2 
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